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INKJET RECORDING APPARATUS AND 
METHOD 

This application is a continuation of application Ser. No. 
08/451,974 filed May 26, 1995, now abandoned, which in 
turn is a continuation of application Ser. No. 07/992,293, 
filed Dec. 16, 1992, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an ink jet recording 

apparatus for recording onto a recording sheet by discharg 
ing the ink thereto, and more particularly to an ink jet 
recording apparatus and method with the improvement of 
Selecting the driving Voltage optimal for the discharge heater 
provided in the recording head, or capable of achieving the 
proper recording in accordance with the number of ink tanks 
which have been used. 

2. Related Background Art 
Today, a wide variety of information recording appara 

tuses Such as printers, facsimiles and word processors have 
been developed. AS one of the recording methods for Such 
recording apparatuses, an inkjet method has been widely 
used owing to its advantages Such as high resolution, high 
Speed recording, low cost, and compact size. In particular 
the compact Size of the apparatus and the reduction in 
operating cost are important factors. 

In a conventional inkjet recording apparatus, there is 
mounted an ink jet head unit 701 consisting of an ink 
discharge port 702, and a substrate 703 having signal 
contacts 704 and heater voltage ID circuits 705 as shown in 
FIGS. 1A and 1B. 
The heater Voltage for determining the ink discharge rate 

is Selected from four values of heater Voltage in order to 
compensate for production variations in heater resistance of 
the inkjet head unit 701. The selection of the heater voltage 
can be performed by a combination of cutting the four 
wiring patterns 706 for heater voltage ID circuit 705. An ink 
jet recording apparatus Selects a heater Voltage optimal for 
a recording head that has been exchanged from the four 
Stages of heater Voltages by a combination of cutting the 
wiring patterns 706 provided thereon, and supplies it to the 
recording head. 

In Such an inkjet recording head, however, owing to the 
necessity of a substrate 703 having signal contacts 704 and 
heater voltage ID circuits 705, it is desirable to reduce the 
volume of the substrate 703 as much as possible for an ink 
jet head associated with the advantage of the Small head to 
achieve a further compactization of the head. 

Also, it was requisite to cut the wiring patterns 706 by 
measuring the dispersion in heater resistances for each 
recording head after production, and by then Selecting the 
optimal heater Voltage on the basis of the measurement 
result. 
On the other hand, the form of an ink tank supplied to the 

above-described recording head is one in which the tank is 
formed integrally with the recording head to be detachable 
together from the apparatus, or in which the tank by itself is 
detachable with the recording head freely detachable from 
the apparatus. 

Recently, to provide a more compact; apparatus and to 
increase the life of the recording head, and to avoid envi 
ronmental problems, a head tank integrated cartridge detach 
able therefrom having the latter construction has been noted. 

In such cartridges in which the ink is arbitrarily refilled or 
the ink tank is periodically exchanged, there have been 
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2 
proposed Some countermeasures against contaminants enter 
ing thereinto at the ink tank exchange. 

However, the present inventors have revealed a phenom 
enon on the basis of many experiments that if the ink Supply 
is arbitrarily or periodically conducted for the recording 
chips of recording head (e.g., one or more discharge ports, 
liquid channels, a liquid chamber, discharge elements Such 
as electrothermal converting elements, and electric drive 
Signal Supply wirings), fluctuations in the ink discharge State 
will occur in short periods. Also, it has been found that with 
the constitution of eXchanging a plurality of ink tanks after 
exhausting the ink within the ink tank to resume the 
recording, the Stable recording period tends to be shorter 
than when using a large ink tank having an amount of ink 
sufficient for the recording chips to be recordable. In the 
light of this, the inventors have studied and confirmed that 
Some failure may arise in the ink Supply State before the 
eXchange of ink tank, or the discharge elements themselves, 
thereby giving rise to Such phenomenon. 

Specifically, as one of its factors, due to characteristic 
changes of the discharge elements themselves which are 
discharge means, the change in the ink discharge amount is 
caused, and the minimum driving Voltage is also changed, 
and in particular, in an ink recording head having electro 
thermal converters, this factor will greatly change the 
recording State. Accordingly, where the ink Supply is arbi 
trarily or periodically conducted (particularly when the 
electrothermal converters are used), it is an important task to 
maintain the Stable discharge performance for a long term, 
and to increase the life of recording head. 

SUMMARY OF THE INVENTION 

The present invention aims to provide an inkjet recording 
apparatus and method of adopting a constitution in which 
the Selection of optimal drive conditions can be performed 
in an easy and Secure manner to achieve the Stable discharge 
of ink from the recording head. 
An object of the invention is to provide an ink jet 

recording apparatus and method in which the Stable dis 
charge performance can be maintained for a long term 
without depending on the degree of replenishing the ink, 
with the advantage of replenishing the ink effectively uti 
lized in practice. 
A further object of this invention is to provide an inkjet 

recording apparatus and method which can provide a Sub 
Stantially longer recording head life with the change in the 
discharge properties caused by the degree of replenishing 
the ink Suppressed. 

Another object of the present invention is to provide an 
inkjet recording apparatus and method in which the longer 
Service and the Stable recording performance of recording 
head can be realized by altering the drive conditions of the 
recording head in accordance with the eXchange of the ink 
tank for replenishing the ink, or preferably in accordance 
with the accumulation of recording with the ink tank using 
the same drive conditions. 
A still further object of the present invention is to provide 

an inkjet recording apparatus and method in which the 
longer Stable recording performance can be realized by 
altering the drive conditions of the recording head in accor 
dance with both the exchange of the ink tank for replenish 
ing the ink and the exchange of recording chips, or prefer 
ably in accordance with the accumulation of recording. 
The first constitution for achieving the Stable discharge of 

inkS as the previously-described object is Such that a heater 
provided in a recording head and a resistor provided exter 
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nally of Said recording head are used to determine the 
resistance of the heater provided in the recording head, 
thereby Selecting the drive conditions of the recording head. 

The driving Voltage V of recording head is determined 
by a threshold Voltage V at which the discharge becomes 
possible for a drive pulse width P that is useful as the 
reference in recording with Some margin. That is, the 
following relation Stands. 

V=KXV (1) 

Where K in this expression is a value for allowing a margin 
in the threshold voltage V, normally about 1.3. The reason 
for requiring this margin is that the Voltage applied on the 
discharge heater will vary depending on the number of 
nozzles used for the discharge in recording, in which this 
Voltage may drop if a larger number of nozzles is used for 
the discharge. 

Also, the threshold Voltage V and the resistance R for 
the discharge heater have a relation 

VfR =constant (2) 

Using the relations (1) and (2), the driving voltage can be 
determined by reading the resistance of discharge heater. 

However, Setting the driving Voltage V Stepless with 
the dispersion in the resistances R for discharge heater 
between recording heads will impose a large burden on the 
recording apparatus main body in the functional respects. 
Therefore, it is desirable to Set a driving Voltage at one of a 
plurality of different ranks provided Stepwise as the driving 
Voltage V, The present invention is Such that the recording 
apparatus itself reads the resistance of a discharge heater 
provided in the recording head to determine the driving 
Voltage. 

Referring now to FIG. 2, measurement means for deter 
mining the resistance of discharge heater will be outlined in 
below. One discharge heater R and detection resistor R. 
are connected in Series, and a detection Voltage V at the 
highest Voltage rank is applied thereto. This is intended to 
have the least effect of the internal resistor for use to lower 
the rank of detection voltage V. However, to avoid a rise 
in temperature of the discharge heater, it is desirable that the 
width of the applied pulse at detection Voltage V be as 
Small as possible, and the detection resistor R be a 
Somewhat larger value than the discharge resistance R. 

Then, there is a relation between the resistance R for 
discharge heater and the terminal Voltage R. across the 
detection resistor, 

R=(VofVivrf- 1)xRivir (3) 

So that the resistance R for discharge heater can be known 
by detecting the terminal Voltage Riv. 

Next, the method of determining the driving voltage V 
based on the detected terminal Voltage R will be outlined 
below. 

The analog Signal of the terminal Voltage R. detected 
by a circuit of FIG. 2 is converted into a digital Signal by a 
DA converter, and the driving Voltage V for the recording 
head is set by deciding to which of the plural predefined 
ranks the digital Signal corresponds. 

This Setting of driving Voltage is required to be performed 
when the recording head is mounted on the inkjet recording 
apparatus. To this end, while the power is being Supplied to 
the recording apparatus itself, the Setting of driving Voltage 
should be performed when a signal is issued indicating 
whether the recording head is attached or detached upon 
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4 
contact or non-contact between recording head and head 
drive electrode. In this case, in a cartridge type head in 
which the ink tank is separable from recording head, only 
the ink tank is exchanged while the recording head is in 
contact with the head drive electrode, and thus there is no 
need for the confirmation as to whether the recording head 
is attached or detached. 
When a unused recording head is mounted, there is no ink 

on the discharge heater, So that there is a risk that the 
temperature may rise more rapidly than when the ink 
remains thereon, thereby impairing the heater. In View of 
this respect, the width of the applied pulse at the detection 
Voltage V in the measurement of resistance for discharge 
heater and the detection resistor R should be set appro 
priately. 
The discharge heater for the measurement of resistance 

may be a certain Specific discharge heater, but considering 
that there is Some dispersion in resistances of discharge 
heaters even within the same head, it is further preferable to 
determine the driving Voltage V by connecting a plurality 
of discharge heaters in Series or parallel, and measuring the 
resultant resistance of the plurality of discharge heaters. 

Further, it is more preferable to determine the driving 
Voltage V optimal for a plurality of discharge heaters by 
measuring individually their resistances. 
When the power is not Supplied to the recording apparatus 

itself, it is further preferable that this Setting may be con 
ducted upon initiating the power Supply to the recording 
apparatus, because of not permitting a confirmation whether 
the recording head is attached or detached. 
The Second constitution to achieve the previously 

described object is an inkjet recording apparatus for record 
ing by the use of a recording head having integrally a 
recording chip having an ink discharge unit and an ink tank 
for reserving the ink, characterized in that the recording head 
is a separation-type head in which a plurality of ink tanks 
can be exchanged for a given recording chip, and comprises 
means for altering the drive conditions for the recording 
head in accordance with the number of ink tanks which have 
been used with the one recording chip. 

According to the present invention, relatively stable 
recording can be made without regards to exchanging the 
ink tank for replenishing the ink. For example, when the ink 
tank is exchanged during recording, the image change which 
might otherwise occur on one page can be prevented, 
whereby even if the ink tank is exchanged while the same 
image is being recorded onto a plurality of sheets, uniform 
multi-recording for the same image can be accomplished. 
The present invention includes the following specific 

inventions. 
Because of the provision of the altering means having a 

mechanism for modifying the drive conditions for a record 
ing head mounted thereon upon eXchanging the recording 
chip for the apparatus, it is possible to make the recording 
more Stable in a proper State by virtue of the ink tank 
integrally provided and without imposing an unnecessary 
load on the exchanged recording head. 

In a constitution in which the recording head comprises a 
plurality of discharge ports and electrothermal converters, 
each corresponding to each discharge port, for generating 
the heat energy to form bubbles in the ink as the ink 
discharge unit, and the inkjet recording apparatus includes 
means for Supplying a drive signal for driving the electro 
thermal converters in accordance with the recording Signal, 
the present invention not only allows for the proper ink 
consumption efficiency within the ink tank, but also the 
Stable recording characteristics at high levels while prevent 
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ing the occurrence of overload conditions by giving appro 
priate drive conditions to the electrothermal converters, 
whereby the longer life of recording head can be compre 
hensively accomplished. 

Note that the inventive method of including refilling the 
ink in the exchange of ink tank belongs to a higher-level 
invention than the present invention, and can be defined as 
“the number of Supplying the ink to the recording chip with 
the ink tank'. In this invention, the above described effects 
can be also obtained. 
AS an alternative example for the drive Signal, if a drive 

Signal has a preheating Signal and a bubble forming main 
Signal is Supplied to the electrothermal converters at an 
interval, in particular, it is typically cited that the Supply 
energy of this preheating Signal is decreased in accordance 
with the number of supplying the ink. When this drive signal 
is used, it is possible to vary the amount of discharge ink 
minutely while preventing the overheating of the ink dis 
charge unit, thereby resulting in more reliable characteris 
tics. When the drive condition for ink discharge is the setting 
reference for the temperature adjustment of the recording 
chip or the ink, it is cited as an alternate example that the 
Setting reference is decreased in accordance with the number 
of Supplying the ink. This temperature adjustment allows the 
amount of ink discharge to be made proper in accordance 
with the change in the amount of discharge by changing 
relatively the temperature of and around the ink, thereby 
contributing to the longer life of recording head. It will be 
understood that Specific preferable examples for altering will 
be clear from the description of the following example. 

In addition, a more precise invention is an inkjet record 
ing method for recording by Supplying the ink from the ink 
tank to the recording chip having the ink discharge unit, 
characterized in that the recording is carried out by altering 
the drive conditions for ink discharge in accordance with the 
number of Supplying the ink from the ink tank to the 
recording chip, and the rate of consuming the ink within the 
ink tank mounted. This invention can offer more precise 
effects and will be clear from the description by way of the 
following example. 
A recording head of the present invention can be divided 

into an ink recording unit and an ink tank unit for Supplying 
the ink to the ink recording unit, which should be Smaller 
than their conventionally used constitutions to exhibit the 
effects of the present invention remarkably, but is not 
limitative. A disconnecting mechanism between the ink 
recording unit and the ink tank unit and a discriminating 
mechanism therefor are embodied within the Scope of real 
izing the concept of the invention, and are not limited to the 
following examples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are a schematic perspective view and an 
enlargement thereof of an inkjet head unit as the back 
ground art concerning the present invention. 

FIG. 2 is a view for explaining the outline of the present 
invention in which the driving Voltage of a recording head 
is Set by measuring the resistance of a discharge heater. 

FIG. 3 is a Schematic perspective view illustrating an ink 
jet recording head according to a first embodiment of the 
present invention. 

FIG. 4 is a schematic perspective view illustrating the first 
embodiment in partial enlargement. 

FIG. 5 is a side cross-sectional view illustrating the first 
embodiment in partial enlargement. 

FIG. 6 is a Schematic perspective view illustrating an 
eXchange method of the first form according to the first 
embodiment. 
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6 
FIG. 7 is a Schematic perspective view illustrating an 

eXchange method of the Second form according to the first 
embodiment. 

FIG. 8 is a schematic plan view representing how the 
force is applied in the first embodiment. 

FIG. 9 is a schematic perspective view illustrating an ink 
jet recording apparatus as a whole according to the first 
embodiment of the present invention. 

FIG. 10 is a schematic perspective view illustrating an 
information processing apparatus using the inkjet recording 
apparatus according to the present invention. 

FIG. 11 is a block diagram of an electric circuit in the 
information processing apparatus using the inkjet recording 
apparatus according to the present invention. 

FIG. 12 is a flowchart representing the recording opera 
tion in the first embodiment. 

FIG. 13 is a schematic diagram of the information pro 
cessing apparatus using the ink jet recording apparatus 
according to the present invention. 

FIG. 14 is a diagram for explaining an embodiment in 
which the resistance for discharge heater is measured and the 
driving Voltage for the recording head is Set. 

FIG. 15 is a diagram for explaining another embodiment 
in which the resistance for discharge heater is measured and 
the driving Voltage for the recording head is Set. 

FIG. 16 is a diagram for explaining another embodiment 
in which the resistance for the discharge heater is measured 
and the driving Voltage for the recording head is Set. 

FIG. 17 is a cross-sectional view of essential parts includ 
ing a carriage with a recording chip mounted for use in 
carrying out the present invention. 

FIG. 18 shows how the ink discharge amount and the 
minimum driving Voltage change when durably printed with 
one recording chip. 

FIG. 19 is a view for explaining the division pulse relating 
to an embodiment as will be described later. 

FIG. 20 is a view for explaining the relation between 
discharge amount Vp1/drop and pre-pulse width P1 
usec as shown in FIG. 19. 
FIG. 21 is a graph representing a control example for the 

discharge amount when the recording chip is driven at 
division pulse. 
FIG.22 is a flowchart for altering the set temperature for 

the temperature control in the present invention. 
FIG. 23 is a flowchart for color recording in which the 

PWM control is performed by using a remain detecting 
mechanism of the present invention for the exchange of ink 
tank. 

FIG. 24 is a flowchart for raising Stepwise and Supplying 
the voltage (solid lines 101, 102) exceeding the minimum 
driving voltage V of the present invention. 

FIG. 25 is a principle view for making the correction to 
assure the minimum discharge amount and SuppreSS Varia 
tions in the discharge amount. 

FIG. 26 is a principle view for making the correction to 
SuppreSS Variations in the discharge amount to the minimum. 

FIG. 27 is a principle view for making the driving voltage 
correction to delay the discharge unstable/disenabled period 
by changing the driving Voltage. 

FIG. 28 is an explanation view when using an ink tank 
having an ink holding portion for generating a negative 
preSSure within the ink tank. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

An embodiment involved in the first constitution will be 
described in detail with reference to the drawings. 
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(First Embodiment) 
FIG. 3 is a Schematic perspective View illustrating a 

recording head unit and a carrier unit in a recording appa 
ratus according to the embodiment of the present invention. 

In FIG. 3, 1 is a recording head for discharging the ink 
upon an electric Signal, 2 is an ink tank for reserving the ink 
for the Supply to the recording head 1, 102 is a carrier 
provided on a recording apparatus main body for carrying 
the recording head 1 and the ink tank 2, 106 is a head lever 
for holding or releasing the recording head 1,107 is an ink 
tank lever for loading or unloading the ink tank thereto or 
therefrom, 108 is a head Securing Spring for Securing the 
recording head 1 to the carrier 102, whereby these compo 
nents can constitute the recording head unit and the carrier 
unit for the recording apparatus. 

FIG. 4 is a Schematic perspective view illustrating the 
recording head 1 and the ink tank 2 for the recording 
apparatus according to the embodiment of the present inven 
tion. 

In FIG. 4, 10 is an ink Supply channel Serving as a passage 
through which the ink is supplied from the ink tank 2 to the 
recording head, 11 is an ink Supply orifice for Supplying the 
ink from the ink tank 2 to the recording head 1, 12 is a 
coupling click for guiding and holding both the recording 
head 1 and the ink tank 2 in joining them, 13 is a coupling 
click guiding groove which is engaged by the coupling click 
12, and 14 is an ink tank guide groove for holding the ink 
tank 2 in loading or unloading the ink tank 2 as well as the 
recording head 1, whereby these components can constitute 
a head cartridge 101. 
The recording head 1 is constituted of a Substrate having 

formed thereon a plurality of electrothermal converters for 
generating the heat energy for use in discharging the ink and 
a drive circuit for driving them, discharge ports and liquid 
channels each corresponding to a respective one of the 
plurality of electrothermal converters on the Substrate, onto 
which a ceiling plate is laminated to form a common liquid 
chamber communicating with the liquid channels. And it is 
mounted on the apparatus So that a discharge port face 
having arranged discharge ports of the recording head thus 
constituted is faced to the recording medium. 

The ink tank 2 is a tank for Storing the ink which is 
Supplied to the recording head 1 as appropriate to make up 
for the ink consumed in recording, wherein when the ink 
tank 2 Singly exists, it is Sealed off by Sealing means not 
shown So that the ink may not leak through the ink Supply 
orifice 11, which Sealing means can be opened automatically 
or manually upon connecting it to the recording head 1 to 
enable the ink Supply. Also, a mechanism for introducing the 
atmosphere from the outside according to the ink Volume 
decreasing with the ink consumption may be provided. And 
a further mechanism for improving the recording quality 
while preventing the ink leakage by retaining the ink pres 
Sure for the Supply to the recording head at a slightly 
negative pressure may be provided internally thereof. 

The recording head 1 and the ink tank 2, When joined in 
the head cartridge 101, are used on a recording apparatus 
during recording operation, and a method of joining both 
together will be described next. 

Fundamentally, the recording head 1 and the ink tank 2 
are joined by coupling together the ink Supply channel 10 
and the ink Supply orifice 11, in which the ink leakage or the 
entry of the air into ink channels is prevented. In this 
embodiment, a method of utilizing the elasticity of a mold 
member is adopted. However, the ink supply channel 10 and 
the ink supply orifice 11 are not limitative to the mold 
member, but may be one having the Seal feature. 
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In joining the recording head 1 and the ink tank 2, it 

Suffices to Simply couple the ink Supply channel 10 and the 
ink Supply orifice 11, but to prevent the uncoupling thereof 
with an unexpected external force exerted in manipulating 
the head cartridge 101, or to Serve as a guide for easy 
unification in joining them, the coupling claw or click 12 and 
the coupling click guide groove 13 are provided in this 
embodiment to Strengthen the connection. That is, the cou 
pling click 12 molded integrally with the ink Supply channel 
10, and elastically deformable, is provided with a projection 
at its top end, whereby it can engage the coupling click guide 
groove 13 in Such a manner as to cause the coupling click 
being elastically deformed by the amount of height of this 
projection to advance on the guide groove 13, until the 
projection of the coupling click 13 reaches a deep portion of 
the coupling click guide groove 13 provided backward. 

Further, the coupling click 12 plays a role of the guide So 
that the ink supply channel 10 and the ink supply orifice 11 
can be easily coupled in joining the recording head 1 and the 
ink tank 2. That is, the coupling click 12 is longer in size 
than the ink Supplied channel 10, So that the coupling click 
12 comes into contact with the ink tank 2 before the ink 
supply channel 10 is in contact with the ink supply orifice 11. 
Herein, the top end of the coupling click 12 is obliquely cut 
away, whereby the coupling click 12 can easily engage the 
coupling click guide groove by Virtue of this oblique portion 
as a guide in a direction of the arrow a in shown FIG. 4. Also, 
the projection provided at the top end of the coupling click 
12 is obliquely cut away, thereby Serving as a guide in a 
direction of the arrow b in FIG. 4 to facilitate the coupling. 
While the coupling click is provided on the side of 

recording head in this embodiment, it should be noted that 
besides that side, it may be provided on the side of the ink 
tank 2 or both sides of the recording head 1 and the ink tank 
2. 

Next, a method of connecting the recording head 1 with 
the carrier 102 mechanically or electrically will be 
described. 

FIG. 5 is a croSS-Sectional view illustrating a connecting 
portion of the recording head 1 with the carrier 102, when 
viewed from a direction of the arrow a in FIG. 3. In FIG. 3, 
109 is a positioning pin for positioning vertically in the 
figure and perpendicularly to the paper face, which is fixed 
on the carrier 102 to engage a hole provided in the recording 
head 1, 110 is a stopper for accepting the recording head 1 
pressed in the direction of the arrow a in FIG. 3, which is 
fixed on the carrier 2, 401 is a flexible cable for the electrical 
connection between recording apparatus main device and 
the recording head 1, 111 is a pad for elastically Supporting 
the flexible cable 401, which is carried between the flexible 
cable 401 and the carrier 102, and 15 is a contact portion 
provided in the recording head, which is electrically con 
nected to a heater portion within the recording head 1. 
The recording head 1 is pressed via a lever (not shown) by 

a head Securing Spring 108 in the direction of the arrow a at 
a position which is uniquely determined by the engagement 
between the hole provided on the recording head 1 and the 
positioning pin 109, and the interference with the stopper. In 
this way, the recording head 1 and the carrier 102 can be 
connected mechanically. 

There are provided a plurality of electrical contacts on the 
contact portion 15 provided on the recording head 1 and an 
end face of the flexible cable 401 at their opposing positions, 
whereby the recording apparatus main device and the 
recording head 1 can be electrically connected by forcing 
them together with a predetermined preSSure. In this case, 
Since it is necessary that the plurality of electrical contacts 
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are preSSure welded at a time, the pad 111 made of an elastic 
material is provided in a pressing portion So that they may 
be pressure welded evenly. The material of the pad 111 may 
be silicone rubber, with the reaction force generated by 
pressing being Significantly Smaller than the force of the 
head Securing Spring 108 which presses down the recording 
head 1. 

Particularly, the electrical contacts provided on the flex 
ible cable 401 may be configured as projections to make the 
connection Securer by concentrating the StreSS when being 
pressed. 

The electrical or mechanical connecting portion is pro 
vided in the recording head side in this embodiment, but 
being not limitative, it may be appreciated that they may be 
provided on the side of the ink tank 2, or both sides of the 
recording head 1 and the ink tank 2, or the electrical 
connecting portion and the mechanical connecting portion 
may be separately provided on either Side. 

Next, a method for handling the recording head 1 and the 
ink tank 2, that is, for exchanging the ink tank 2 having 
exhausted the ink for a new ink tank 2, or exchanging the 
recording head 1 made unusable due to Some cause, will be 
described. 
As the first form, there is provided a method in which by 

releasing the connection between recording head 1 and 
carrier 102, and taking out the recording head 1 and the ink 
tank 2 which are joined from the carrier 102, the recording 
head 1 and the ink tank 2 are Separated or unified in a State 
outside of the carrier 102 (thereinafter referred to as off 
carrier State). 

FIG. 6 is a Schematic perspective View illustrating how to 
take out the recording head 1 and the ink tank 2 which are 
joined from the carrier 2. In this case, the head lever 106 is 
turned and pulled upward from a state of FIG. 3 in a 
direction of the arrow a in FIG. 6 to a position as shown, 
thereby releasing the pressing force with the head Securing 
Spring 108 against the recording head 1. The recording head 
1 and the ink tank 2 which remain joined are moved in a 
direction of the arrow b in FIG. 4, by means of a lever not 
shown within the carrier 102. As the engagement of the 
positioning pin 109 with the hole of the recording head 1 is 
thereby released, the recording head 1 and the ink tank 2 
which remain joined can be moved in a direction of the 
arrow c in FIG. 6 to be placed in the off-carrier state. After 
the off-carrier State, the recording head 1 and the ink tank 2 
can be separated by applying a force in a direction opposite 
to the direction of connecting them for unification. And 
either the recording head 1 or the ink tank2 is exchanged for 
a new one, both are joined in a unification method as 
previously described and stored within the carrier 102 in a 
reverse procedure, and thus the exchanging operation is 
completed. 

The pressing force against the recording head 1 is released 
by means of the head lever 106 in this embodiment, which 
is not limitative, but it will be appreciated that the lever 
pressing against the recording head 1 may be directly 
moved. Also, the recording head 1 is Secured under preSSure 
by means of the head securing spring 108, which is not 
limitative, but it will be appreciated that a latch hook having 
the Spring property may be used to Secure the recording head 
1. 

Further, the recording head 1 and the ink tank 2 may be 
attached or detached as a unit against the pressing force by 
directly taking up the recording head 1 by hand. 

The first form can offer the following effects. 
When either one of the recording head and the ink tank is 

to be exchanged, only it need be exchanged, resulting in the 
improvement of economy. 
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Since the recording head 1 and the ink tank 2 can be 

eXchanged as a unit, changes in recording color can be 
Simply achieved by removing the recording head and the ink 
tank with the ink color to be changed as a unit and eXchang 
ing for another unit. 
The second form is a method in which the recording head 

1 and the ink tank 2 are separated on the carrier (thereinafter 
referred to as “on-carrier state”) while the recording head 1 
is Secured to the carrier 2. 

FIG. 7 is a Schematic perspective view illustrating a State 
where the ink tank is Separated from the recording head 1 on 
the carrier 102. In this case, the tank lever 107 is turned and 
pulled upward from a state of FIG. 3 in a direction of the 
arrow a in FIG. 7 to a position as shown, upon which a lever 
not shown within the carrier 102 engages an ink tank guide 
groove 14 provided on the side face of the ink tank 2 to move 
in a direction of the arrow b. At this time, the recording head 
1 is Secured in the Same State as shown in FIG. 3, and can 
not move along with the ink tank 2, So that the recording 
head 1 and the ink tank 2 are disenagaged and thus can be 
Separated. Further, the ink tank 2 can be disengaged from the 
carrier 102 by moving the ink tank 2 in a direction of the 
arrow c in FIG. 5. 

Note that when the recording head 1 is elastically pressed 
by the head securing spring 108 as in this embodiment, there 
is a possibility that the recording head 1 may be unsecured 
due to a force applied by the Separation, and therefore the 
following constitution is preferred. FIG. 8 is a schematic 
plan view illustrating how the force is applied. In FIG. 8, the 
recording head 1 is pressed against the carrier 102 under a 
force fl by the head Securing Spring 108. In Separating the 
recording head 1 and the ink tank 2, a force f2 is necessary 
to disengage the coupling click 12 from the ink Supplied 
channel 10. Providing the force such as f1df2, it is possible 
to prevent the recording head 1 from being unsecured during 
Separation operation. 
While in this embodiment the recording head 1 and the 

ink tank 2 are separated with a force as large as f2 by means 
of the tank lever 107, which is not limitative, it will be 
appreciated that the recording head 1 and the ink tank 2 may 
be separated by directly taking up and pulling the ink tank 
2 in the direction of the arrow b in FIG. 7. 
The second form can offer the following effects, in 

addition to those of the first form. 
That is, the pulling Speed for Separation can be controlled 

by appropriately designing the cam shape of the tank lever 
107, so that scattering of the ink through the ink supplied 
channel 10 and the ink supply orifice 11 can be prevented. 
AS the recording head 1 is not directly moved by hand, the 

user does not touch the vicinity of an ink discharge nozzle 
of the recording head 1, So that unnecessary contamination 
having adverse effects on the recording can be prevented. 

Since the force is applied to a Specific portion of the ink 
tank 2, it Suffices to provide a durable structure against the 
force to only that portion, with the other portion thinner, 
resulting in lighter weight, increased Volume of content, and 
others. 

Next, the recording apparatus having the recording head 
1, the ink tank 2 and the carrier 102 mounted thereon will be 
described in connection with the constitution and operation. 

FIG. 9 is a schematic perspective view illustrating sche 
matically the recording apparatus according to this embodi 
ment. 

The carrier 102 having the head cartridge 101 mounted 
has a pin (not shown) engageable with a helical groove 105 
of a lead Screw 103 rotating via a transmission mechanism 
not shown with positive or reverse rotation of a carrier motor 
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402a, and is reciprocatingly movable in directions of the 
arrow a and b along with the rotation of the lead screw 103. 
104 is a slide rail for restricting the motion of the carrier. 
Also, the carrier 102 determines a position (home position) 
in the directions of the arrow a and b by means of a carrier 
sensor 510.301 is a recovery unit having a cap 302 which 
is placed opposed to a discharge port face of head cartridge 
101 at a predetermined position (e.g., home position) out of 
a recording range of the head cartridge 101, and a cap 
movement drive unit (not shown) for bringing the cap 302 
into contact with the discharge port face to protect it when 
not used. Also, a pump for making excellent the ink dis 
charge condition by Sucking (clearing) the ink through 
discharge ports and discharging thickened ink, dust and 
bubbles in the contacted State, and a member for reserving 
the waste ink cleared are provided. 

Further, a wiper (not shown) for cleaning the peripheral 
portion of discharge port for the head cartridge 101 is 
provided. 

201 is a conveying roller for conveying a recording 
medium 6 in a direction of the arrow c in FIG. 6, and 202 
is a pinch roller for pressing the recording medium 6 against 
the conveying roller 201, whereby the recording medium 6 
is fed intermittently in a direction of the arrow c in the figure 
at the time of recording, while being carried between Such 
a pair of rollers. The conveying roller 201 engages a 
conveying motor 402b via a transmission mechanism con 
Sisting of a conveying roller gear 205 and a conveying roller 
idler gear 206 to receive the transmission of a driving force. 
The pinch roller 202 can be brought into or out of contact 
with the conveying roller 201 by the operation of a release 
lever 210. 
207 is a platen for regulating a recording face of the 

recording medium to be flat. And there may be provided a 
member for preventing the floating of recording medium 6 
by placing it into intimate contact with the platen 207. 

213 is a paper discharge roller rotating Synchronously 
with the conveying roller 201 to discharge the recording 
medium 6 as already recorded toward a direction of the 
arrow c in FIG. 6, and a spur roller 214 which is driven is 
provided at a position opposed to the paper discharge roller 
213 via the recording medium 6. With these rollers, the 
recording medium 6 is discharged out of the printer after the 
completion of recording. 

Next, an information processing apparatus with the 
recording apparatus of this embodiment incorporated will be 
described in connection with the constitution and the electric 
circuit. 

FIG. 10 is a Schematic perspective view representing an 
appearance of the information processing apparatus with the 
recording apparatus of this embodiment incorporated 
thereto. 

In FIG. 10, 601 is a printer unit as above mentioned, 602 
is a keyboard unit comprising keys for entering letters, 
numbers and other characters, and keys for issuing a variety 
of commands, and 603 is a display unit having a display. 

FIG. 11 is a block diagram representing an electric circuit 
configuration of the information processing apparatus of this 
embodiment. 

In FIG. 11, 501 is a controller for making the main 
control, 502 is a CPU in the form of a microcomputer, for 
example, to execute certain procedures, 503 is a RAM 
having an area for expanding text data or image data, and a 
work area, 504 is a ROM for storing fixed data such as 
programs corresponding to the procedures and other fonts, 
505 is a timer for providing the timing necessary to create 
the execution cycle of CPU 502 or to make the recording 
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operation with the printer unit 601, and 506 is an interface 
portion for interfacing the signal from the CPU 502 to 
peripheral devices. 

Also, 507 is a controller for the printer unit 601, 508 is a 
head driver for delivering a recording Signal or the power to 
the head cartridge 101, 509a, 509b are motor drivers for 
delivering a Signal or the power necessary for driving the 
carrier motor 402a and the conveying motor 402b, 
respectively, 510 is a carrier Sensor for Sending the position 
of carrier 102 to determine whether or not the carrier 102 is 
positioned at a home position, for example, and 511 is a 
paper Sensor for detecting the presence or absence of the 
recording medium 6 to prevent the recording on other than 
the recording medium 6 when the recording medium 6 is not 
inserted or the recording is completed to the page end. 

Further, 605 is an external storage such as FDD, HDD, 
and RAM card, and 512 is an external interface for allowing 
to communicate with other information processing 
apparatuses, or control peripheral devices via internal bus 
directly connected. 

Note that while being not included in the block diagram 
of FIG. 11, there is provided a power supply unit for 
Supplying the power to the above electric circuit, examples 
of which include a charge-type battery, a disposable cell, or 
an AC power converter useful when the information pro 
cessing apparatus is fixed. 
While in the electric circuit configuration as previously 

described, the recording apparatus records onto the record 
ing medium 6, the outline of recording operation control 
sequence will be described with reference to a flowchart of 
FIG. 12. 
The following Series of procedures Start upon a recording 

Start command With a recording command key on a display 
operation unit of printer main body, or from the outside 
through the external interface. 

First, at Step S1, the online State of display operation unit 
is judged. This is a countermeasure taken to prevent the 
recording operation from Starting while the printer is not 
ready, when a recording operation start command is sent 
from the outside. If the display operation unit is judged to be 
online, the routine proceeds to Step S2. 
At Step S2, the presence or absence of a recording 

medium 6 Set in the printer unit is judged on the basis of a 
signal from the paper sensor 511. This is to prevent the ink 
from Scattering over the printer unit and contaminating the 
apparatus itself, or prevent the recording medium or the ink 
from being wasted, when the recording is Started without 
recording medium in the recording apparatus Such as par 
ticularly the inkjet printer. 

Further, at step S2, whether or not pinch roller 202 and 
conveying roller 201 are released, as well as the presence or 
absence of recording medium, may be judged. This is to 
prevent the abnormal conveyance of the recording medium 
when the pinch roller 202 is released even if the recording 
medium 201 is set. For the judgment as to whether the pinch 
roller 202 is released, for example, means having a mechani 
cal Switch for the release lever may be provided. Herein, if 
the recording medium is not normally Set, the routine 
proceeds to Step S3. 
At Step S3, a message is issued to provoke the operator to 

Set a recording medium. The method of indicating the 
message relies on a light or a buzzer on the display operation 
unit, for example. 

If the presence of recording medium 6 is judged at Step 
S3, the routine proceeds to step S4. 
At step S4, the recording operation is started. With a 

command from the CPU 502, the head driver 508 drives the 
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head cartridge 101, and synchronously therewith, the motor 
drivers 509a, 509b drive the carrier motor 402a and the 
conveying motor 402b, respectively, whereby the recording 
is performed with the movement of the carrier 102 in a main 
Scan direction and the movement of the recording medium 
in a Sub-Scan direction, as well as the cleaning of the 
recording head 1. 

Finally, at Step S5, the recording operation end is judged, 
in which for example, the recording operation end is deter 
mined if a signal indicating the operation end is issued from 
the CPU 502, a predetermined line number of one page in 
the Sub-Scan direction is reached So that the recording is not 
allowed on the recording medium, or no recording area on 
the recording medium 6 is Sensed by the paper Sensor 511. 
AS a procedure for the recording operation end at Step S6, 

the carrier 102 is first returned to a home position. This is to 
cap and protect the ink discharge port face of the recording 
head 1, preparatory to turning off the power after the 
completion of the recording operation. Then, the recording 
medium is discharged by driving the conveying motor 402b 
by a predetermined amount, or until it is confirmed by the 
paper Sensor 510 that the recording medium is discharged. 
And the recording operation is terminated by the CPU 502 
which then displays a recording end on the display operation 
unit, or informs it to peripheral devices through the external 
interface. 
AS in this above-described embodiment, the recording 

head and the ink tank are separable, and the inkjet recording 
apparatus is constituted by allowing the Separating or uni 
fying operation to be performed on the carrier or outside of 
the carrier, whereby there are following effects. 

That is, as the ink tank is mounted on the carrier, any tube 
for the ink Supply is unnecessary, resulting in the compac 
tization of the apparatus. 
When the ink is used up, it Suffices to exchange only the 

ink tank, rather than the cartridge integral with the head, 
resulting in the reduction of operating costs. 
When either one of the recording head and the ink tank is 

to be exchanged, it alone can be exchanged, resulting in the 
improvement of the economy. 
When the recording head and the ink tank are separated on 

the carrier by a lever, the pulling Speed can be controlled, So 
that Scattering of the ink through the ink Supply channel 10 
and the ink Supply orifice 11 can be prevented. 

Also, when the recording head and the ink tank are 
Separated on the carrier, the user need not hold the recording 
head by hand to touch the ink discharge nozzle of the 
recording head 1, So that unnecessary contamination exert 
ing adverse effect on the recording can be prevented. 

Also, when the recording head and the ink tank are 
Separated on the carrier, the force is applied to a specific 
portion of the ink tank 2, and thus it is only necessary for that 
Specific portion to have a durable Structure to withstand that 
force, with the other portion thinner, resulting in the lighter 
weight and the increased Volume of content. 
When the ink color is to be changed, the ink color is not 

mixed, because the recording head and the ink tank can be 
eXchanged as a unit, whereby there is the advantage that the 
ink color can be easily changed. 

Next, to explain an embodiment in which the optimal 
drive Voltage is Supplied to a discharge heater provided on 
the recording head by measuring the resistance of heater, the 
outline of the information processing apparatus using the ink 
jet recording apparatus according to the present invention 
will be described with reference to a schematic view of FIG. 
13. 
Tank informationTM as to whether or not the ink tank IJT 

is attached to the recording head IJH is passed via a signal 
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terminal T1 of recording head IJH and a terminal T3 of 
carriage IJC to controlling means CC. The controlling means 
CC discriminates whether or not the ink tank IJT is attached 
to the recording head IJH, based on a discriminating table 
Stored in a tank discriminating table TT. 
Head information HM as to the resistance and others of 

discharge heater H provided in the recording head IJH is 
passed via a terminal T2 of carriage IJC to controlling means 
CC. The controlling means CC discriminates the resistance 
and others of discharge heater H provided on the recording 
head IJH, based on a discriminating table Stored in a head 
discriminating table HT. The controlling means Selects a 
drive condition optimal for the resistance of discharge heater 
H from a drive condition table, based on its discriminating 
information. And the controlling means CC controls head 
driving means HD to drive the recording head IJT in the 
optimal drive condition Selected. 

Next, an embodiment in which the drive voltage of the 
recording head is Set by measuring the resistance of dis 
charge heater will be described below with reference to FIG. 
14. 
The resistance of a Single discharge heater may be 

measured, but it is necessary to take into consideration the 
dispersion in the resistances of discharge heaters within the 
Same head. Hence, in this embodiment, the resistors of 
discharge heaters having N nozzles and a detection resistor 
Ray are connected in Series, and a Voltage V is applied 
thereto. Then, the relation between the resistance Ry of 
discharge heater and a terminal Voltage Vy across the 
detection resistor is 

R1+R2+...+Ry=(Vos/Vivir")xRyur (4) 

The average value R of the resistances of discharge heaters 
is 

and therefore R can be known by detecting R. 
The constitution and determining method except for 

detecting V is the same as in the aforementioned outline, 
wherein a detection Voltage V at the highest rank Voltage 
is applied to a circuit having the resistors of discharge 
heaters and the detection resistor R connected in Series, 
an analog signal of detected terminal Voltage R is 
converted into a digital Signal by DA converter, and the drive 
voltage V is determined by discriminating to which rank 
among the predefined multiple ranks of drive Voltage the 
terminal Voltage corresponds. 
(Second Embodiment) 

Another embodiment of setting the drive voltage V will 
be described below with reference to FIGS. 15 and 16. 
The recording apparatus main device in this embodiment 

has multiple driving Voltages V. (V=Vr, V2, . . . ). A 
heater (thereinafter referred to as dummy heater) of the same 
type as the discharge heater is fabricated outside of the 
nozzle in the recording head by the same film formation 
process to produce a circuit as shown in FIG. 13. By 
measuring the resistance of this dummy heater in Setting the 
driving Voltage, it is possible to avoid the failure of impair 
ing the discharge heater when the Voltage V is applied to 
the discharge heater. 

This embodiment adopts a method of determining the 
driving Voltage V by employing the driving voltage V 
actually applied to the discharge heater in order to reduce the 
measurement error in Setting the driving Voltage applied to 
the discharge heater by the use of the dummy heater. That is, 
in this embodiment, the Voltage V is applied to a Wheat 
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Stone bridge as the driving Voltage V is variable at Stages 
under the control of the recording apparatus main device. 

In this embodiment, the driving Voltage V is deter 
mined by a circuit having a Wheatstone bridge Structure as 
shown in a circuit diagram of FIG. 16. This Wheatstone 
bridge is comprised of two resistors having the same resis 
tance r, a dummy heater (resistance R) and a reference 
resistor R. This reference resistor R has a resistance R as 
discharge heater optimal for the driving Voltage V, 

Next, a method of determining the driving Voltage V. 
actually applied to the recording head from among multiple 
driving voltages V will be described below. The voltage 
VA between terminals A and B is measured when the 
multiple driving voltages V are applied to this circuit, and 
the Voltage rank when the Smallest measurement is taken is 
Set as a driving Voltage V to be applied to the recording 
head. 

Since other constitution and method are the Same as those 
in the previous embodiment, the previous embodiment will 
be quoted. 

The second constitution will be described with reference 
to the drawings. 

FIG. 17 is a cross-sectional view of essential parts includ 
ing a carriage with a recording head mounted for use in 
carrying out the present invention. A feature of the consti 
tution in this figure is that there are provided an electrical 
connection for discriminating new attachment of ink tank T 
upon attaching ink tank T. and recording chip, and a con 
nection for enabling an electric Signal to be Supplied to 
control unit of the apparatus upon attaching recording chip 
to the carriage. Other constitutions include a positioning 
mechanism, a disconnecting mechanism, and an atmosphere 
communicating portion which can be changed in design. 

In the embodiment as shown in FIG. 17, the ink tank T 
comprises internally a urethane Sponge 9 of continuous fine 
porous material which is ink absorbent, an elastic engaging 
member 12 located outside an ink Supply port which is 
elastically contacted under pressure against a recording chip 
as an ink Supply portion, and an atmosphere communicating 
portion 10 of bent shape for communicating the inside to the 
atmosphere at an end portion opposite to the ink Supply 
portion. This basic constitution has been disclosed in Japa 
nese Laid-Open Patent Application No. 3-175051. 

In this constitution, the tank has a capacity which equally 
divides the amount of ink usable for a life of recording chip, 
unlike the above known constitution, whereby the carriage 
failure is reduced, and the compactization of the apparatus 
is accomplished. Further, the ink tank T has an electrical 
contact TC for new attachment at its end portion which 
enables the electrical connection to be made upon connect 
ing with the recording chip. 

The recording chip to which this ink tank T is attached has 
been disclosed in the same basic constitution in Japanese 
Laid-Open Patent Application No. 3-175051. Specifically, it 
comprises a ceiling plate 1 having integrally an orifice plate 
and an ink channel constructing member, an ink Supply 
channel forming member 7 having a filter 8, a Silicone plate 
4 having electrothermal converters 3, and a base plate BP 
having a plate 4 mounted. The ceiling plate 1 comprises a 
plurality of discharge ports 5, ink channels communicating 
with respective discharge ports 5, and a common liquid 
chamber 2 communicating with the ink channels, with an 
opening portion of the common liquid chamber 2 molded, 
and the plurality of discharge ports 5 being post-treated by 
an excimer laser. The base plate BP makes a predetermined 
engagement with head positioning members 17, 18 of car 
riage APP to assure a high precision of positioning the 
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discharge portion of recording head with respect to the 
recording sheet. The ink Supply channel forming member 7 
has a filter 8 and an O-ring 14 at the junction with the ink 
tank T, with which the Stabilization of ink Supply State can 
be accomplished by preventing the leakage of ink in when 
connecting or disconnecting the ink tank. 

This recording chip has a further constitution different 
from the above known one. That is, the filter 8 slightly 
projects outward from the Supply channel forming member 
7 to contact against the Sponge 9 within the ink tank T. 
whereby the ink is stably supplied from the sponge 9. 
Accordingly, when the ink tank is disconnected, a contact 
portion of the sponge 9 with the filter is inflated, so that the 
ink remaining on the surface of filter 8 can be absorbed into 
the tank, and at the same time ink remaining within the ink 
tank is prevented from leaking therefrom. Electrical contacts 
AP which are electric Signal Supply portion from the appa 
ratus Side to the Silicone plate 4 connect elastically to 
flexible electrical contacts HC3 U-shaped on the side of the 
base plate BP opposite the silicone plate 4, to thereby drive 
the electrothermal converters 3 via the electrical connection 
of wire bonding 21. Therefore, the base plate BP itself can 
be Smaller in size than conventionally. The recording chip 
has a frame on which the operator can touch by hand, for the 
purpose of compactization and due to wiring concentration, 
on this frame are formed electrical contacts HC1 connecting 
to electrical contacts TC of ink tank, and a conveX connect 
ing portion 15 (corresponding to a tank concave portion 16) 
between ink tank and recording chip in their neighborhood, 
thereby Securing the Stable electrical connecting State. This 
frame has a pin HC2 connecting to a microSwitch ACP of 
carriage APP on its opposite Side, whereby a signal discrimi 
nating the presence of recording chip or the new attachment 
is Supplied to the apparatus. 

11 is a pressure means for pressing the ink tank T in a 
direction of the arrow to stabilize the connection with the ink 
Supply portion. This pressure means may be any one of 
well-known two-member connecting means. 
(Variation in Discharge Characteristics) 
Now, the variation in the recording conditions for the ink 

jet recording head which is a technical problem of the 
present invention will be described with reference to FIG. 
18. FIG. 18 shows the change in ink discharge amount and 
minimum driving Voltage when print durability is tested for 
one recording head with the electrothermal converter. This 
figure shows the change of in the ink discharge amount when 
recording under certain driving conditions to its recording 
limit while continuing to supply the ink, by the solid line 50, 
and the Voltage of minimum driving energy (thereinafter 
referred to as minimum driving voltage V) necessary for 
discharging the ink at each recording time to obtain the 
discharge amount as indicated by the Solid line, by the 
broken line 60. 
As can be seen from the Solid line 50, the ink discharge 

amount is minimum at the Start of recording, then increasing 
greatly in the former half period which is about half of 
durability period, increasing gradually, and decreasing 
Slightly. Normal commercially available products are pre 
treated to obtain the minimum discharge amount of FIG. 18 
to meet the discharge amount at the initial time, but are not 
treated to cope with the change in ink discharge amount. 

If the initial minimum discharge amount is raised to 
Stabilize the ink discharge amount under fixed driving con 
ditions with this change, the life of the recording head is 
Shortened greatly. Examining this ink discharge amount at 
each time, it can be found as seen from the broken line 60, 
that the minimum driving Voltage V, which is obtained by 
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varying the pulse Voltage having a certain driving time 
decreases gradually from the initial time of recording, and 
rapidly increases up to higher Voltage while the ink dis 
charge amount is dropping. In this figure, the reason that the 
solid line 50 is broken halfway for the print durable number 
of Sheets is that the dischargeable amount at a constant 
voltage above the minimum driving Voltage V, is exceeded. 

The behavior of the inkjet recording head as shown in 
FIG. 18 can be considered as follows. Heat generating 
elements or ink channels used for inkjet recording chips 
have low affinity with the ink at the early time of recording 
to be poor in the heat transfer efficiency to the ink or copying 
ability. Since this affinity is gradually improved due to the 
heat of print durability and with the passage of time, the heat 
transfer efficiency becomes better to make the formation of 
bubbles Stable, So that the ink discharge amount increases. If 
the print durable number is further increased, impurities in 
the ink are gradually deposited on the Surface of heat 
generating element, and So-called burnt deposits occur, So 
that the heat transfer efficiency to the ink is lowered, and the 
ink discharge amount decreases. Since the minimum driving 
Voltage for driving the heater necessary for the ink discharge 
increases at the same time, Stable discharge characteristics 
can not be obtained within the life of recording head, or any 
discharge is not enabled, when driving at fixed Voltage. 
Thus, in order to retain stable discharge performances for a 
long term in the inkjet recording head to have the longer life 
of recording head, it will be understood that it is effective to 
change the driving conditions of the head in the progress of 
print durability to Suppress these changes in head discharge 
characteristics. 

The present invention, which adopts a recording chip/ink 
tank Separation-type head configuration, allows leSS Waste 
ful recording to be accomplished by changing the driving 
conditions of head in accordance with the number of times 
that the ink tank has been exchanged for one recording chip, 
noting that the variation of recording characteristics can be 
relatively reduced for the exchange number by distributing 
the Supply ink amount usable in the print durability to the 
eXchange ink tanks, and the change of ink discharge amount 
is Substantially proportional to the number of ink tanks 
eXchanges. 
(Overview of Temperature Control) 
A Specific example of temperature control applied to the 

following embodiments is Such that an environmental tem 
perature Sensor for measuring the environmental tempera 
ture is provided on the main device Side to estimate and 
predict the variation in ink temperature for the discharge 
portion from the past to current time and to the future by 
calculating the ink discharge energy and the Supply energy 
to a Sub-heater for retaining temperature for the recording 
head, So that the discharge is made Stable in accordance with 
the ink temperature. This is to estimate and predict the 
variation in ink temperature for the discharge portion from 
the evaluation relying on a temperature variation table in 
which the making energies Substantially relating to the heat 
time constant of the discharge portion including the record 
ing head and the ink and the ink temperature are precalcu 
lated from the past to the future. 

The temperature control using the driving pulse as shown 
in FIG. 19 is also applicable to the present invention. FIG. 
19 is a graph for explaining the division pulse concerning the 
embodiments as will be described later. In the same figure, 
V is the driving voltage, P1 is the pulse width of the first 
pulse (thereinafter referred to as pre-pulse) for multi-divided 
heat pulse, P2 is the interval time, and P3 is the pulse width 
of the Second pulse (thereinafter referred to as main pulse). 
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T1, T2 and T3 indicate the time for determining P1, P2 and 
P3, respectively. The driving voltage V is one of the 
electric energies necessary for the electrothermal converter, 
to which this Voltage is applied, to generate heat energy in 
the ink within ink liquid channels formed by a heater board 
and a ceiling plate. Its value is determined by the area of the 
electrothermal converter, resistance, film Structure, and liq 
uid channel Structure of recording head. 

This PWM discharge control is also called a pre-pulse 
width modulation driving method, in which pulses are 
supplied in sequence in the pulse width of P1, P2 and P3 
when discharging one ink droplet, while the pre-pulse width 
is modulated in accordance with the ink temperature. The 
pre-pulse is one principally for controlling the ink tempera 
ture within the liquid channels, and plays an important role 
for the control of discharge amount in this embodiment. It is 
preferable that this pre-heat-pulse width is Set at a value that 
does not give rise to foaming phenomenon in the ink due to 
the heat energy generated by the electrothermal converter to 
which pulses are applied. The interval time is to allow the 
time for passing the pre-pulse energy to the ink within the 
ink liquid channels and prevents excessive temperature rise. 
The main pulse is to produce bubbles in the ink within liquid 
channels, and discharge the ink through discharge ports, its 
width P3 being preferably determined by the area of the 
electrothermal converter, resistance, film Structure, and ink 
liquid channel Structure of recording head. 
The action of pre-pulse in the inkjet recording head as 

shown in FIG. 17, for example, will be described below. 
When the main pulse width is P3=4.114 usec under the 
fixed driving voltage V of 18.0 (V), and the pre-pulse 
width P1 is varied in a range from 0 to 3.000 usec, the 
relation between discharge amount Vd p1/drop and pre 
pulse width P1 usec is obtained as shown in FIG. 20. The 
Same figure is a diagram showing the pre-pulse width 
dependency of the discharge amount, and in the figure, V0 
indicates the discharge amount when P1 =OLuSec), which 
value is determined by the head structure as shown in FIG. 
5. Hence, in this embodiment, V0 was V0=18.0 p1/drop 
when the environment temperature was TR=25 C. 
As can be seen from curve a in FIG. 20, the discharge 

amount Vd increases linearly when the pre-pulse width P1 
increases from 0 to P1, with its linearity lost beyond 
P1, and is Saturated to the maximum at the pulse width 
P1A. In this way, the range of P1 leSS than pulse width 
P1 in which the discharge amount Vd linearly changes 
with respect to the pulse width P1 is effective to control the 
discharge amount readily by varying the pulse width P1. 
Hence, in this embodiment, as indicated by the curve a, 
P1 = 187 (us), and the discharge amount at this time was 
V, -24.0p1/drop. The pulse width P1 at which the 
discharge amount Vd was Saturated was P1=2.1 Lus, 
with the discharge amount V-25.5p1/drop. When the 
pulse width is larger than P1, the discharge amount Vd 
is Smaller than VA. This phenomenon is considered due to 
the fact that if a pre-pulse having the pulse width in the 
above range is applied, a minute bubble (in a State imme 
diately before film boiling) is produced on the electrother 
mal converter, and if the next main pulse is applied before 
this bubble disappears, the minute bubble disturbs bubbling 
by the main pulse, thereby reducing the discharge amount. 
This area is called a pre-foaming area, in which range the 
control of discharge amount Via the pre-pulse is difficult. The 
Slope of the line representing the relation between the 
discharge amount and the pulse width in the range from 
P1=0 to P1, Lus as shown in FIG. 13 is defined as a 
pre-pulse dependency coefficient, which is expressed as 
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K=AV/AP1 (p1/usec drop 

This coefficient K is determined depending on the head 
Structure, drive conditions, and ink material, irrespective of 
the temperature. That is, in FIG. 20, curves b and c represent 
the relation for other recording heads, and it can be found 
that the discharge characteristics will change for different 
recording head. In this way, since the upper limit P1, of 
pre-pulse P1 will vary for different recording heads, the 
discharge amount control is made by defining the upper limit 
P1 for each recording head. Hence, for the recording 
head and the ink as indicated by the curve a in this 
embodiment, K=3.209 (p1/usec drop). 
On the other hand, other factors for determining the 

discharge amount of the inkjet recording head include the 
ink temperature of discharge portion (for which the tem 
perature of the recording head may be substituted). FIG. 21 
is a graph representing the temperature dependency of the 
discharge amount. AS shown by curve a in the same figure, 
the discharge amount Vdlinearly increases when the record 
ing head temperature TH (which is equal to the ink tem 
perature of discharge portion owing to Static temperature 
characteristics in this case) increases. The slope of this line 
is defined as a temperature dependency coefficient, which is 
expressed as 

KT=AV/ATH p1/ C. drop 

This coefficient KT is determined depending on the head 
Structure and ink material, irrespective of the drive condi 
tions. In FIG. 21, curves b and c represent the relation for 
other recording heads. Hence, in the recording head of this 
embodiment, KT=0.3 p1/° C. drop). In FIG. 21, Vo indi 
cates the minimum discharge amount, and the reference 
temperature To for temperature regulation at this time is the 
minimum retained temperature of the recording head, 
beyond which temperature the discharge amount will con 
siderably increase in proportion to the temperature. This 
temperature change relies on a normal temperature regulat 
ing method and a PWM control method to heat and insulate 
the recording head at low ink temperatures of the discharge 
portion. Usually, the retained temperature is Set at a higher 
value (e.g., 35 to 40° C.) than the normal environmental 
temperature. Since fundamentally it is Sufficient to meet this 
temperature condition only when the ink is discharged, it is 
preferred that, as previously described, the discharge amount 
control is made with a Smaller pre-pulse than in the pre 
foaming area, and the temperature range being PWM con 
trollable is restricted to Some extent, whereby owing to the 
temperature Self-elevation of the recording head, it is easier 
to accomplish Stable discharge by Setting higher retained 
temperature. 

In the following, specific embodiments will be described 
with reference to flowcharts of FIGS. 22 to 24, and the 
principle views of FIGS. 25 and 26. 
(Third Embodiment) 
An embodiment in which the present invention is applied 

to the discharge amount control for a monochromatic printer 
will be described below. In the monochromatic printer, it is 
Significantly important to prevent the degradation of print 
quality due to bleeding or feathering while meeting the 
permissible print density, and therefore it is necessary to 
SuppreSS changes in the discharge amount while keeping the 
minimum discharge amount of the ink. 

FIG. 25 is a principle diagram for compensation when 
Suppressing the change of discharge amount while assuring 
the minimum discharge amount. In FIG. 25, the broken line 
70 represents the change of ink discharge amount under the 

15 

25 

35 

40 

45 

50 

55 

60 

65 

20 
fixed driving conditions without the use of this embodiment. 
This embodiment adopts a method of varying the recording 
head temperature Setting for temperature adjustment as 
means for controlling the discharge amount. AS can be clear 
from the description in FIG. 21, the recording head tem 
perature and the ink discharge amount are Substantially in 
proportional relation, whereby in this embodiment the ref 
erence Set value of temperature to be controlled is changed 
to lower the Set temperature every time the exchange num 
ber (number of ink tank changes) increases in Sequence, 
Such as first ink tank, second, third, . . . . In FIG. 25, it is 
presumed that five ink tanks can be used for one recording 
chip. The discharge amount control as shown in FIG. 25 can 
be implemented by changing the recording head temperature 
Setting for temperature adjustment in exchanging the ink 
tank. 

Specifically, the ink tank I which is first applied to 
recording chip performs Substantially the Same ink discharge 
as with the conventional ink discharge amount curve. AS the 
ink tank 1 is applied to the recording chip, the drive 
condition for the recording head is that the reference tem 
perature for temperature control is set at a first Set tempera 
ture T1 (e.g., 40° C). Then, if the ink tank 1 is consumed, 
and ink tank 2 is attached onto the same recording chip, in 
place of the ink tank 1, the driving condition for the 
recording head is that the reference temperature for tem 
perature control is changed to a Second Set temperature T2 
(e.g., 38 C.) as the lower limit. Thereby, during recording 
period of the ink tank 2, the recording is relatively more 
efficient than conventionally, with less recording density 
change, whereby excellent images can be recorded. 
Likewise, if ink tank 3 is attached, the reference temperature 
is changed to a fourth set temperature T4 (e.g., 33 C.) as the 
lower limit, and if ink tank 5 is attached, it is changed to a 
fifth set temperature T5 (e.g., 30° C.). Thereby, a greater 
amount of ink can be used than the total amount of ink in one 
ink tank integral there with attached to the recording chip, 
without causing the change of ink characteristic, So that the 
recording chip can form excellent recording images Stably 
See a long term. Moreover, as can be seen from recording 
discharge amount variation curves 80 to 84 for each ink tank 
in FIG. 25, the minimum discharge amount (as indicated by 
the line 86) is satisfied for any of the ink tanks in this 
embodiment, whereby the difference from the integration 
value of the broken line 70 is apparent. Note that the number 
of ink tanks applicable to the recording chip is preferably 
from three to ten, and it is preferable that the frequency of 
eXchange fall within an appropriate range. In the figure, a 
curve 85 represents the discharge amount of the sixth ink 
tank, with the sixth set temperature T6 being 28 C., for 
example, although the Set temperature following the Sixth 
one may be the same as the fifth set temperature T5. The 
change of the driving condition in the present invention is 
made for the initial conditions in one recording chip as 
above described, So that the higher efficiency of ink con 
Sumption can be accomplished. 
FIG.22 shows an example of flowchart for use in chang 

ing the Set value of temperature to be controlled as above 
described. This flowchart is applicable to a recording appa 
ratus (see FIG. 17) having a mechanism which allows the 
user to take out the ink tank from the carriage when the ink 
for discharge is used up, and attach a new ink tank. The ink 
discharge is not recovered even after the recovery operation, 
the operator Sets to the exchange operation of ink tank. At 
this time, if the ink tank attached is disengaged from the 
recording chip, the absence of the ink tank is detected at Step 
S1, when the presence or absence of ink tank in the carriage 



6,022,093 
21 

is judged. Then, an ink tank counter is incremented by +1, 
and whether or not it exceeds the attachable ink tank number 
N for the recording chip is judged at Step S2 before attaching 
a new ink tank. If the ink tank number N is exceeded at Step 
S2, a warning for exchanging the recording chip itself is 
issued at Step S4 to prompt the operator to exchange the 
recording chip. Thereby, if the recording chip is disengaged 
for the exchange from the apparatus, the presence of the 
recording chip is further judged at Step S5, and the Set value 
of the temperature to be controlled is initialized before 
attaching a new recording chip, that is, the recording con 
dition with the new recording chip and the new ink tank is 
Set at a first Set temperature T1 at Step S6, and the ink counter 
is set to 1 at step S7 which is a reset process for the ink 
counter. In this State, the apparatus waits for a new recording 
chip to be attached at Step S5. If no warning for exchanging 
is made or the new recording chip is attached (warning is 
reset at this time) at Step S5, the attachment of a new ink tank 
is judged at step S8. If the attachment of new ink tank is 
confirmed at this Step, the Set value of temperature to be 
controlled is changed in accordance with the ink tank 
counter value, for example, in the same method as shown in 
FIG. 7. Thereby, the preparation for ink tank and recording 
chip in the apparatus is completed, and the apparatus ter 
minates the change of recording conditions. Thereafter, the 
predischarge or recovery for recording head is performed in 
accordance with desired conditions, as necessary, So that the 
printer is made ready (step S10). 

This embodiment is preferred because it predicts a mem 
ber to be attached and makes a preparation therefor before 
attaching the new recording chip and new ink tank, thereby 
eliminating the waiting time of the user. 
(Fourth Embodiment) 
An embodiment which is particularly effective when the 

present invention is applied to the discharge amount control 
of a color printer will be described below. In the color 
printer, color balance is particularly important, and therefore 
it is significantly important to SuppreSS the change of ink 
discharge amount. 

FIG. 26 is a principle view for compensation in Suppress 
ing the change of discharge amount to the minimum. One 
means for Such a discharge amount control is a method of 
changing the Setting of driving pulse width for the recording 
head. Particularly effective method is a PWM control as 
previously described in FIG. 19, and the use of rectangular 
Voltage pulses for use in the multipulse driving allows for 
the discharge amount control as shown in FIG. 26 at high 
precision. 

FIG.23 shows an example of a flowchart for such control. 
This flowchart is concerned with a recording apparatus of 
the type of having an ink remaining detection mechanism for 
ink tank exchange in which no ink within the ink tank is 
detected beforehand, with a warning of eXchanging ink tank 
issued to the user. 

In FIG. 23, an ink remain detecting operation to determine 
the ink remaining within the ink tank (or recording chip) is 
periodically performed at Step S1. If no ink remain is 
detected, whether or not the ink tank counter value is equal 
to an attachable ink tank number N for the recording chip in 
use is judged at Step S2. If it is equal to the ink tank number 
N at Step S2, a warning for exchanging the recording chip 
itself is issued at Step S3 to prompt the user to exchange the 
recording chip. In either case, after Step S2, a warning for 
eXchanging the ink tank is issued at Step S4 to prompt the 
user to attach a new ink tank. At Step S6, if the recording 
chip has been disengaged from the carriage, the PWM set 
value is initialized before attaching a new recording chip to 

15 

25 

35 

40 

45 

50 

55 

60 

65 

22 
the apparatus, that is, the recording condition with the new 
recording chip and the new ink tank is Set at a first Set pulse 
width P1 at step S7, and the ink tank counter is set to 1 at 
step S5 which is a reset process for the ink counter. In this 
State, the apparatus waits for a new recording chip to be 
attached at Step S6. If no warning for exchanging the 
recording chip is made or the new recording chip is attached 
(warning is reset at this time) at Step S6, the detachment of 
a used ink tank is judged at Step S8. This is to prevent the 
used ink tank from being reattached by utilizing the ink 
remain detection. Herein, only if the detachment is 
confirmed, the ink tank counter is incremented by +1 at Step 
S9, and the apparatus waits for a new ink tank to be attached 
at step S10. If the attachment of a new ink tank is confirmed 
(warning is reset at this time), the N-th set pulse width PN 
(N is a use order of ink tank, wherein the pulse width PN 
decreases when N increases) is set in accordance with the 
ink tank counter at step S11. Thereby, even if a plurality of 
recording heads have the recording chip and/or the ink tank 
arbitrarily changed in consumption, the density balance of 
color recorded image can be Suppressed within a stable 
range. 

In this way, the preparation for ink tank and recording 
chip in the apparatus is completed, and the apparatus ter 
minates the change of recording conditions. Thereafter, the 
predischarge or recovery for recording head is performed in 
accordance with desired conditions, as necessary, So that the 
printer is made ready (step S12). 
With this embodiment having the multiple conditions 

applied, the present invention is particularly most Suitable 
for the color recording, with the Setting change for the 
electrothermal converter at high precision being most Suit 
ably made with the PWM control. 
(Fifth Embodiment) 
An embodiment in which the present invention is applied 

to accomplish mainly the longer life of recording head for 
the monochrome printer will be described below. This is 
different from the Stabilization of discharge amount as 
previously described, but effective as means for resolving 
the described problems. As described in FIG. 18, the inkjet 
recording head has its minimum driving Voltage rising with 
print durable, it may be disenabled to make a discharge at 
Some time under the condition of constant driving Voltage, 
So that its life expires. By delaying this time, the longer life 
of recording head is allowed. FIG. 28 is a principle view for 
making the compensation for driving Voltage to delay the 
discharge unstable/disenabled time by changing the driving 
Voltage. This principle is not only applicable to electrother 
mal converters but also to electro-mechanical converters. 

In FIG. 27, P is the upper recordable number of sheets in 
a recordable range as shown in FIG. 18, and P is the life 
time of recording head. The solid lines 100, 101 and 102 
represent how to change the driving Voltage in the embodi 
ment of the present invention to show that the recording is 
enabled for a range from the number P in discharge 
unstable area to life time P, while the broken line 104 
represents the minimum driving voltage V, in FIG. 18. The 
Solid line 103 represents roughly the change of ink discharge 
amount in this embodiment. 

Usually, the constant driving is performed with the driv 
ing Voltage of recording head Set at 1.2 times the minimum 
driving Voltage V, but in this embodiment, considering that 
the initial driving Voltage is effectively utilized, the initial 
minimum driving Voltage V, is applied for the initial 
recording to lengthen the life of recording head while 
Stabilizing the ink discharge amount. In the discharge 
unstable area and beyond, the voltage (solid lines 101, 102) 
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exceeding the minimum driving Voltage V, in that area is 
Supplied by raising it Stepwise. Thereby, it will be under 
stood that, as indicated by the solid line 103, the recording 
is enabled Stably in the discharge unstable area possibly 
giving rise to a recording failure as well as a range of the life 
time P and beyond, even if the discharge amount is more or 
less increased, whereby the life of recording head can be 
lengthened. 

FIG. 24 shows an example of flowchart in this embodi 
ment. This flowchart is the same as that of FIG. 22, except 
for the execution contents at steps S6 and S9, and therefore 
the different portion is only discussed. In this embodiment, 
the ink tank use number for one recording chip is greater 
than in the previous embodiments, in which N increases 
from 5 to 7. This embodiment is to supply a voltage as 
indicated by the solid line 101, 102 for the recording 
conditions of N=6, 7, respectively. The present invention 
includes making a change for a Subgroup of ink tanks using 
Such recording conditions. Accordingly, at Step S6 in FIG. 
24, the recording condition is changed to the minimum 
driving voltage V, for the initial recording, and at Step S9, 
the voltage as indicated by the Solid line 101, 102 when N 
is equal to 6 or 7, or the minimum driving voltage V, for 
the initial recording when N is equal to or less than 5, is 
Selected for recording. 

In this way, the Supply driving Voltage effectively 
improves the ink consumption efficiency, while lengthening 
the life of the recording chip. 

FIG. 27 can be utilized to explain the contents of another 
embodiment. That is, this is an easier-to-understand embodi 
ment in which to accomplish the longer life of recording 
head, the ink discharge amount is increased in the latter half 
of ink Supply by changing the driving condition. In the 
following, the points different from those as previously 
described will be only described. In the description of this 
embodiment, it is supposed that the Solid line 103 as 
previously described represents the minimum driving Volt 
age V, in FIG. 18, and the broken line represents the proper 
driving voltage V, which is as large as 1.2 times the 
minimum driving Voltage V, for the stable discharge. 

Therefore, the Stable discharge at constant Voltage is 
disenabled, as indicated by the solid line 103, in the dis 
charge unstable area of recording chip and beyond, as 
previously described, but in this embodiment, the proper 
driving voltage V, exceeding the Solid line 103 is Supplied, 
So that the discharge is made Stable, and the Stable recording 
period can be extended. Further, for the term beyond the life 
time P2, the proper driving voltage V, exceeding the 
minimum driving voltage V, as indicated by the Solid line 
103 is Supplied, So that the recording head is Securely 
enabled for the discharge, Substantially lengthening its life, 
and the remaining ink can be effectively utilized for the 
recording. In this case, since the proper driving voltage V. 
is a curve, the solid lines 101, 102, 103 in FIG. 27 are used 
to change the recording condition Stepwise, but curvilinearly 
or as indicated in FIG. 27, the driving condition can be 
changed in accordance with the curve or a combination 
thereof So as to exceed the broken line 104. The flowchart 
for this embodiment may be the same as that in FIG. 24. 
(Other Embodiment) 

The present invention covers all the embodiments for 
various changes of the driving conditions, which can be 
readily contemplated from the above description, and based 
the concepts of the invention as described. For example, an 
embodiment adopting a plurality of previously-described 
embodiments allows for further stabilization and the longer 
life, and the following method can be cited. 
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In FIG. 28, when an ink tank having an ink holding 

portion producing a negative pressure, Such as a Sponge 9 as 
described in FIG. 17, within the ink tank is used, the 
negative pressure is differently produced near the Start and 
end of use for each ink tank, and therefore the effect of 
equalizing the average value of ink discharge amounts is 
utilized. In this case, a further preferred configuration of the 
present invention results, but when the ink discharge amount 
abruptly decreases near the end of use due to negative 
preSSure changes, Stabilization can be further obtained by 
altering each compensation as above described to be made 
during the use of one ink tank, So that the invention becomes 
more preferable. In any case, it is more practical to further 
modify the above-described change of recording conditions 
depending on the ink Supply number from the ink tank to the 
recording chip, in accordance with the ink amount within the 
ink tank of the present invention. The above embodiment 
Supposes the recording head exchange type, but the present 
invention is also effective to for the permanent-type appa 
ratus which can use the recording head for quite a long term. 
(Discriminating Method of Recording Head) 

Here, a configuration for detecting or discriminating a 
new attachment State of the ink tank of recording head and 
the recording chip will be described. Since they are not 
usually taken out of the printer if the recording head causes 
no recording failure, a method of discriminating reattach 
ment as a new one may be valid. However, as they may be 
detached accidentally during operation, a configuration 
capable of discriminating appropriately Such detachment 
will be described. 

By prompting the operator to turn on a reset key for 
resetting the recording for each of the warnings for exchang 
ing as above described, a new ink tank or recording chip can 
be discriminated, and upon this on Signal, the ink tank 
counter or the recording chip may be initialized. This 
configuration is particularly Suitable for the ink Supply of the 
type of refilling the ink while reusing the ink. AS another 
method, an electrical resistor which will break down due to 
a number of energizations is provided on the recording chip 
or ink tank, whereby using this resistor, a new recording chip 
or ink tank is ascertained, and after ascertaining, this resistor 
is caused to break down by energizing a number of times So 
that recording chip or ink tank during use can be ascertained. 
Further, a lock mechanism for preventing the release unless 
a warning for exchanging is issued may be used. 

In particular, an effective configuration is shown in FIG. 
13. In FIG. 13, a recording chip IJH and an ink tank IJT are 
caused to carry respective information, which is then prop 
erly discriminated through individual electric transmission 
passage to change the drive conditions properly. Tank infor 
mation TM has the order of attaching on the recording chip 
IJH as data with electrical Signal or different arrangement of 
electrical contacts, or resistance. This tank information TM 
is preferably a ROM having the driving conditions them 
Selves. The tank information TM is passed via a signal 
terminal T1 of recording chip IJH and a terminal T3 of 
carriage IJC to control means CC. And the control means CC 
discriminates whether or not there is any ink tank IJT 
attached to the recording chip IJH, and the applying order of 
the ink tank attached thereto, based on a discriminating table 
Stored in a tank discriminating table TT. The control means 
CC can determine the aptitude by comparing the ink tank 
information transmitted with the selected information only if 
the information of ink tank to be attached in exchanging the 
ink tank is Selected. If the ink tank information transmitted 
is proper, the control means CC adopts its information. 
Head information HM including the driving conditions on 

manufacture provided in the recording chip IJH and the 
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information as to whether the recording chip is in use or new 
(in which preferably the used ink tank number is writable 
into writable memory) is passed via a terminal T2 of carriage 
IJC to control means CC. And the control means CC 
discriminates the information provided in the recording chip 
IJH, based on a discriminating table Stored in a head 
discriminating table HT. The control means CC selects the 
optimal driving conditions for the electrothermal converter 
of the recording chip in use from a driving condition table 
DT, based on the ink tank information and the head infor 
mation. And the control means VV controls head driving 
means HD to drive the recording chip IJT under the optimal 
driving conditions Selected. 

In this way, various type of discriminations can be applied 
in each portion of the present invention, and the present 
invention coverS all the configurations as above described. 
(Others) 

The present invention brings about excellent effects par 
ticularly in a recording head or a recording device compris 
ing means for generating heat energy as the energy for use 
in discharging the ink, and causing the State change of ink 
with the heat energy among the various inkjet recording 
Systems. With Such a method, the higher density and higher 
resolution of recording can be accomplished. 
AS to representative principle of discharging ink droplets 

in the thermal jet recording method, one practiced by use of 
the basic principle disclosed in, for example, U.S. Pat. Nos. 
4,723,129 and 4,740,796 is preferred. This system is appli 
cable to either of the So-called on-demand type and the 
continuous type. Particularly, the case of the on-demand 
type is effective because, by applying at least one driving 
Signal which gives rapid temperature elevation exceeding 
nucleate boiling corresponding to the recording information 
on electrothermal converters arranged corresponding to the 
sheets or liquid channels holding a liquid (ink), heat energy 
is generated at the electrothermal converters to effect film 
boiling at the heat acting Surface of the recording head, and 
consequently the bubbles within the liquid (ink) can be 
formed corresponding one by one to the driving Signals. By 
discharging the liquid (ink) through an opening for discharg 
ing by growth and shrinkage of the bubble, at least one 
droplet is formed. By making the driving Signals into pulse 
shaped, growth and shrinkage of the bubbles can be effected 
instantly and adequately to accomplish more preferably 
discharging of the liquid (ink) particularly excellent in 
response characteristic. AS the driving Signals of Such pulse 
shape, those as disclosed in U.S. Pat. Nos. 4,463,359 and 
4,345,262 are suitable. Further excellent recording can be 
performed by employment of the conditions described in 
U.S. Pat. No. 4.313,124 of the invention concerning the 
temperature elevation rate of the above-mentioned heat 
acting Surface. 
AS the constitution of the recording head, in addition to 

the combination of the discharging orifice, liquid channel, 
and electrothermal converter (linear liquid channel or right 
angled liquid channel) as disclosed in the above-mentioned 
respective Specifications, the constitution by use of U.S. Pat. 
No. 4,558,333 or 4,459,600 disclosing the constitution hav 
ing the heat acting portion arranged in the flexed region is 
also included in the present invention. In addition, the 
present invention can be also effectively made the constitu 
tion as disclosed in Japanese Laid-Open Patent Application 
No. 59-123670 which discloses the constitution using a slit 
common to a plurality of electrothermal converters as the 
discharging portion of the electrothermal converter or Japa 
nese Laid-Open Patent Application No. 59-138461 which 
discloses the constitution having the opening for absorbing 
preSSure wave of heat energy correspondent to the discharg 
ing portion. 
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Further, while the inkjet recording apparatus of the Serial 

type was described in the embodiments, the present inven 
tion is also effectively applicable to a recording head of the 
full line type having a length corresponding to the maximum 
width of a recording medium which can be recorded by the 
recording device. AS the recording head of the full line type, 
either the constitution which Satisfies its length by a com 
bination of a plurality of recording heads as disclosed in the 
above-mentioned specifications or the constitution as one 
recording head integrally formed may be used, and the 
present invention can exhibit the effects as described above 
further effectively. 

Also, addition of a recovery means for the recording 
means, a preliminary auxiliary means, etc. provided as the 
constitution of the recording device is preferable, because 
the effect of the present invention can be further stabilized. 
Specific examples of these may include, for the recording 
head, capping means, cleaning means, pressurization or 
Suction means, electrothermal converters or another type of 
heating elements, or preliminary heating means according to 
a combination of these, and it is also effective for performing 
Stable recording to perform preliminary mode which per 
forms discharging Separate from recording. 

Further, as to the type of the recording head mounted, the 
kind of ink, and the number of heads, the present invention 
is effective for a Single recording head provided correspond 
ing to monochrome ink or a plurality of recording heads 
provided corresponding to a plurality of inks having differ 
ent recording colors or densities, for example, or in any 
combination thereof. AS the recording mode of the recording 
device, the present invention is extremely effective for not 
only the recording mode only of a primary color Such as 
black, etc., but also a device equipped with at least one of 
plural different colors or full color by color mixing. 
Though the ink is considered to be liquid in the embodi 

ment as above described, the present invention is applicable 
to either of the ink Solid below room temperature, and 
Softening or liquefying at or above room temperature, or the 
ink liquefying when a recording enable Signal is issued as it 
is common with the inkjet device to control the Viscosity of 
ink to be maintained within a certain range of the Stable 
discharge by adjusting the temperature of ink in a range from 
30 to 70° C. In addition, in order to avoid the temperature 
elevation due to the heat energy by positively utilizing the 
heat energy as the energy for the change of State from Solid 
to liquid, or to prevent the ink from evaporating by the use 
of the ink Stiffening in the shelf State, the ink having a 
property of liquefying only with the application of heat 
energy, Such as the ink liquefying with the application of 
heat energy in accordance with a recording Signal So that 
liquid ink is discharged, or the ink already Solidifying upon 
reaching a recording medium, is also applicable in the 
present invention. The most effective method for inks as 
above described in the present invention is one based on the 
film boiling as above indicated. 

Also, the present invention is effective to an inkjet System 
of the recording method in which the recording head is 
placed out of contact with the recording medium for the 
recording by jetting the ink, Such as a piezo-jet method of 
discharging the ink by converting electricity to force. 

Further, the recording apparatus may be used in the form 
of an output terminal for the information processing equip 
ment Such as a word processor or computer, integrally or 
Separately provided, a copying machine in combination with 
a Scanner, or a facsimile terminal equipment having trans 
mission and reception features. 

According to the present invention, the optimal driving 
Voltage for the discharge heater provided on the recording 
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head can be determined, with a Smaller constitution of the 
recording head. 
What is claimed is: 
1. An inkjet apparatus for recording by using a recording 

head having a drive condition for discharging a predeter 
mined amount of an ink and having integrally a recording 
chip having an ink discharge unit and an ink container for 
Storing the ink, comprising: 

Said recording head, Said ink discharge unit of Said 
recording head comprising at least one electrothermal 
converter, Said recording head being a separation-type 
recording head in which a plurality of ink containers 
can be exchangeably used with Said recording chip; 

counting means for counting a number of eXchanges of 
the ink container; and 

altering means for altering Said drive conditions for 
discharging the predetermined amount of the ink for 
Said recording head in accordance with the number of 
eXchanges of the ink containers which have been made 
for a given Said recording chip. 

2. The inkjet apparatus according to claim 1, character 
ized in that Said altering means comprises a mechanism for 
modifying the drive conditions of Said recording head 
mounted when Said recording chip in the apparatus is 
eXchanged. 

3. The inkjet apparatus according to claim 1, wherein Said 
recording head further comprises: 

a plurality of discharge ports disposed in Said ink dis 
charge unit; and 

a plurality of Said electrothermal converters, correspond 
ing to respective Said discharge ports, for generating 
heat energy to form a bubble in the ink, 

wherein Said inkjet recording apparatus further comprises 
Supplying means for Supplying a drive signal for driv 
ing the electrothermal converters in accordance with a 
recording Signal. 

4. An ink recording method for recording by Supplying an 
ink from an ink container to a recording chip having an ink 
discharge unit, comprising the Steps of: 

counting a number of eXchanges of the ink container; and 
altering at least one ink discharge drive condition for 

discharging the predetermined amount of the ink for 
Said recording chip in accordance with the number of 
eXchanges of the ink container. 

5. The ink recording method according to claim 4, 
wherein Said recording chip has a life which allows a 
number N of said ink containers to be used therewith, and 
further comprising the Step of 
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altering the ink discharge driving conditions to decrease a 

discharge amount when N increases, whereby Said 
recording chip discharges the ink equally for each Said 
ink container. 

6. The ink recording method according to claim 4, 
wherein Said ink discharge driving conditions at least par 
tially define a drive Signal comprising a preheating Signal 
and a bubble forming Signal, each with a certain interval, 
which are Supplied to a plurality of electrothermal convert 
erS in the ink discharge unit in accordance with a recording 
Signal, and Said altering Serves to reduce an energy Supplied 
by Said preheating Signal in accordance with Said amount of 
Said ink which has been Supplied. 

7. The ink recording method according to claim 5, 
wherein Said ink discharge driving conditions are a Setting 
reference for adjusting at least one of a temperature of Said 
recording chip and a temperature of the ink, and Said altering 
Serves to reduce Said Setting reference in accordance with 
Said amount of Said ink which has been Supplied. 

8. The ink recording method according to claim 4, 
wherein Said recording chip comprises a plurality of dis 
charge ports as Said ink discharge unit and a plurality of 
electrothermal converters, corresponding to respective Said 
discharge ports, for generating heat energy to form a bubble 
in the ink, and further comprising the Step of: 

discharging the ink by Supplying a drive signal for driving 
the electrothermal converters in accordance with a 
recording Signal. 

9. An ink recording method for recording by Supplying an 
ink from an ink container attached thereto to a recording 
chip having an ink discharge unit, comprising the Steps of: 

providing Said ink container and Said recording chip; 
counting a number of exchanges of the ink container; and 
altering at least one ink discharge drive condition for 

discharging a predetermined amount of the ink for Said 
recording chip in accordance with the number of 
eXchanges of the ink container and an inkjet consump 
tion rate within the ink container attached thereto. 

10. The ink recording method according to claim 9, 
wherein Said recording chip comprises a plurality of dis 
charge ports as Said ink discharge unit and a plurality of 
electrothermal converters, corresponding to respective Said 
discharge ports, for generating heat energy to form a bubble 
in the ink, and further comprising the Step of: 

discharging the ink by Supplying a drive signal for driving 
the electrothermal converters in accordance with a 
recording Signal. 


